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THEORETICAL JUSTIFICATION OF AN AUTOMATIC DEVICE
FOR DRILLING MUD FUNNEL VISCOSITY MEASUREMENT

Abstract. It is considered an installation for automatic measuring drilling mud funnel viscosity (a patent of the
Republic of Kazakhstan), involving a rotating table, carrying a funnel with a nipple at the end. At each rotary move-
ment the funnel passes through four positions: filling up with the measured liquid, measuring its funnel viscosity,
washing up and removing the traces of the liquid, evacuation of remaining water out of the funnel. Stopping the table
for carrying the measurement through and starting the time counter is affected by means of a located on the table
cam, opening a live electrical contact at the moment of the funnel running clean from under the liquid delivering
pipe. At completion of draining the liquid’s measured volume, a float inside the funnel, while sinking, stops the time
counter and restarts the table’s rotation. The movement of the table is controlled by time relay and starting relay. The
electrical signal of funnel viscosity is converted into digital form and conveyed to a control panel of the drilling
operator. Computer program representing a model of the funnel viscosity measurement process is worked out. The
funnel viscosity of a liquid is found as a sum of draining times of volumes of virtual cylinders, formed as a result of
dividing the liquid’s measured volume height into a certain number of equal parts, the virtual cylinder’s diameter
being taken as equal to the average diameter of the corresponding truncated cone. For each virtual cylinder the rela-
ted to the height of its position in the funnel hydrostatic pressure is represented as an equation, involving a sum of
two pressure drops: the first one, resulting from the flow contraction while moving down the funnel; the second one,
required for the flow’s passage along the nipple. On the second occasion, the accurate value of the hydraulic resis-
tance factor being unknown, it was determined by method of iteration, providing a stepwise approximation to it. For
each virtual cylinder the above mentioned equation made it possible to determine the liquid’s flow rate, and by it —
the velocity of its passing along the nipple and the velocity and the time of its level dropping in the funnel. The sum
of those times represents the liquid’s funnel viscosity. The model’s adequacy was successfully corroborated by way
of calculating the water index (15 s) of the standard flow meter BEP-2, basing on its geometrical dimensions. The
model was used for working out optimum values of the most important structural parameters of the installation for
automatic measurement of drilling mod funnel viscosity, including dimensions of the funnel — considerably reduced
as compared to the standard funnels, but with preservation or even raising the accuracy of measurements. It also
helped to find the minimum possible interval between the successive measurements, basing on establishing the
required time of each of the principal operations, performed at one full revolution of the table.

Keywords: drilling wells technology, drilling muds’ funnel viscosity measuring instruments, automatic
measurements, theoretic justification, computational mathematics, programming.

Introduction. Employees of the Drilling Technology and Machinery department have worked out a
concept of drilling mud [1 .2] parameters measurement automatization, basing on use of a rotating table

[4]. As applied to the funnel viscosity, the automatic installation [3,5] is presented at the figure 1.

Driven by the synchronous motor 2, the rotating table 1 and the funnel 3 perform one measurement at
each revolution. To do that, the rotation is interrupted and a halt made. A second halt is made for washing
up the device. Intermittent nature of the table’s motion is effected by a group of relays 9 (time relay and
starting relay). The same as at the traditional appliance, the measurement is based on the time of draining
an appointed volume of liquid 4 out of the funnel 3 with a nipple 8. Before the measurement the funnel is
passing under the liquid supplying channel 13 and filled up with it to overflow. The “measurement”
123
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/11

14

Figure 1 — An installation for the funnel viscosity automatic measurement

position corresponds to the moment, of the funnel getting clean from under the pipe 13, when the
incoming flow stops and remains only the outcoming one. At that moment a cam on the rotating table acts
upon the relay, which cuts the power supply of the electromotor, and at the same time starts a time
counter. During the measurement, together with sinking level of the liquid, sinks the installed in the funnel
float 5. At the moment, when the appointed volume V,, of the liquid has left the funnel, the linked with the
float by the stem 6 cam 7 breaks the contact 12 and by doing that stops the time counter and resumes
rotation of the table. The signal of the funnel viscosity is supplied to analog-to-digital converter 10 and
after processing, appears on the display 11 in seconds. In a similar manner is the table’s halt effected,
when the funnel comes to the channel 14, supplying water in the “cleaning” position. The only difference
consists in the fact, that the time of that second halt is a constant one.

For the purpose of obtaining maximal technological and economic effect from the above described
device, theoretical and experimental research has been carried out. The liquid outflow time dependency on
the funnel’s geometry has been examined. Drilling muds have wide interval of funnel viscosities [1,2]—
from 16 up to 100 s and more. For reference viscosity, the viscosity of distilled water at the temperature
20+5°C has been taken. It is constant for any given funnel and for the standard measuring funnels equals
15 s — it is named the “water index”. The “water index” characterizes applicability of the funnel for
viscosity measuring. The task of the presented research involved studying influence of a funnel geometry
on its water index

In the process of liquid draining out of a funnel, under the hydrostatic pressure p of its column, two

kinds of resistance are overcome with two corresponding pressure drops [6,7]:
P=Ap+Ap, (1
where A, — is the pressure drop on the flow, traveling through the funnel’s nipple; A,, — the pressure

drop, caused by flow’s contraction, while moving along the narrowing funnel.
A = apl 3 @)
d’
where O — is the flow rate; p — the liquid’s density (1000 kg/m> for water); A — the hydraulic resistance

factor, depending on the Reinolds criterion and the channel walls asperity; d — the pipe inner diameter;
L — its length.

An important circumstance in this context is the fact, that pressure drop A ,, is inversely proportional
to the fifth degree of d , and that diameter of the nipple 8 is very small as compared to the diameters of
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the funnel itself. Therefore at the further consideration the part of A, , related to the funnel, has been
neglected; and only that of the nipple taken into account.

80°

72_2d4a2 ’ (3)

where a is the factor of resistance to the flow contraction, which according to V. Simonov [7] in case of

Apy=p

a tapered junction to the nozzle is varying from 0.95 to 0.99. So the funnel was considered as a tapered
junction to the nipple.
The hydrostatic pressure of a column with the height /' equals
p=9.81pH , 4)
Using formulae (2), (3) and (4); the equation (1) can be converted to

80° 80°
9.81pH = ApL ”%5 +p7z2§‘a2 )
From that the flow rate O can be found:

(6)

In the process of funnel viscosity measurement, the column height A is continuously decreasing,
which affects Q. The same is true with relation to the measured volume V), of draining liquid, depending
both on H and on the continuously narrowing diameter of the funnel.

The problem was solved by means of computational mathematics methods [8] A program was

compiled, whose algorithm is basing on parameters and considerations as follows:
— The initial volume of the liquid in the conic funnel:
V=F*H/3, (7)
where F' — is the area of the cone’s base:
F=D*/4, (®)
where D — is diameter of the base
— The volume ratio (relative value of the measured volume):

K,=V,V, )
— The geometrical similarity principle stipulates, that the linear dimensions of similar figures are

related as cubic roots of their volumes. Conic shape of the liquid, filling the funnel, is similar to that,
which remains there after the measured volume has drained out. Relative value of the remaining volume:

K,=1-K,, (10)
In view of the aforesaid the drop of the liquid’s level H,, in the process of measurement (see figu-
res 1 and 2):
H, =H-Hy{K,). (11)
— H,, (see the figure 2) was divided by virtual horizontal planes into 7 equal sections. Thus, liquid
in the funnel was divided into # conic elements numbed i, beginning with the uppermost element,
numbered i =0 . The height of each element (“the step™):
S=H, /n (12)
— Hereafter each conic element was considered as a cylindrical one, whose diameter equals mean (as
related to the element’s height S) diameter of the cross section of corresponding conic element:
D(@)=D(1-S/2H)-i*S/H) , (13)
The cross section area:
F(i)=D(i)* /4, (14)
The volume of the virtual cylindrical element:
— 125 —
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Vi)=F(@i)*S (15)
— It was assumed, that volumes of the cylindrical elements and corresponding conic elements are
equal. Obviously the approximation error is decreasing with the quantity #z of the elements.
— For each element the corresponding height of liquid column
H(Gi)=H-S§/2-S*i, (16)
— The flow rate (i) in the process of draining each liquid element is found by the formula (6)

< ID >
— | A
T
] — ]
oo 1 Hu
H N v
|
| |
A
L |
\ 4 d

Figure 2 — Division of the funnel’s measuring volume V), into n virtual cylinders

— The corresponding speed of the liquid’s level dropping:

9y (i) = 40(0) [(2D* (i) (17)
— The corresponding time of level dropping within the limits of the element:
T(i)=S/9,, (18)

— The funnel viscosity of the liquid is the result of the summing up the values, related to all of the n
elements

T=>"T() (19)

— Initially factor A in formula (2) was chosen, basing on general considerations. However in the
program it is amended by iteration method. For that purpose, for each element the velocity of the liquid
traveling through the nipple 8 was found:

8(0) = 40() (md”) (20)
The corresponding Reinolds criterion:
Re(i) =9()pd /v , (21)
where v —is dynamic viscosity of the liquid
The amended value A, of hydraulic resistance factor was found by the formula of F.Shevelev [7],

relating to water, passing through smooth pipes with Re <10°:
Ae =0.25/Re"* (22)
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In a program loop the amended value of A. was put into formula (6) instead of a preceding one. At

each cycle of the loop difference between their values becomes smaller and the loop ends, when it
becomes negligibly small.
For verification of the algorithm and the program, calculation of water index of the standard funnel

viscosity meter BBP-2 [2] was performed

Table 1 — Description of the funnel of the BEP-2 viscosimeter

# Name Value. # Name Value.
! Height  , m 0.232 7 Measured volume V,, , m” 0.0005
2 Level drop [, , m 0.079 8 Volume ratio K, 0.714
3 Top diameter D, m 0.106 9 Hydraulic resistance factor A 0.021
4 Nipple length L, m 0.100 10 Flow contraction factor d 0.99
5 Nipple diameter d, m 0.005 11 Virtual cylinders* number 72 6**
6 General volume V, m 3 0.0007 12 Cylinder height, m 0.013
* According to fig. 2.
** When the quantity 72 of the virtual cylinders in the program was brought up from 6 to 50, the final result did not
change. So from precision standpoint the 72 = 6 is satisfactory.

The data of table 1 were entered into the program, and the sum of level dropping times for all the 6
cylinders (formula 19) was found equal 15 s, — the same as in the BBP-2 certificate

As compared to the traditional manual measurement the automatic measurement device involves a
number of additional elements, increasing its size, mass, and cost. So the possibility of their reduction was
examined

Precision of measurement is expressed by its relative error [9-17]

o0=A/A4, (23)
where A —1is an absolute error, and 4 — measured value.

On the occasion under consideration A4 is the water index, which traditionally equals 15 s. At manual
measurement the absolute error A is basically connected with subjective factors, such as timeliness of
starting and stopping the stop watch, overfilling or underfilling the measuring cylinder, correctness of
choosing the mud withdrawing place etc. In an automatic device all subjective errors are ruled out, which
sharply reduces both A and ¢ . It follows from the formula (23), that the same precision can be achieved
for smaller A if is reduced proportionally to reduction of A. So, eliminating subjective errors , makes it
possible to reduce the water index of the funnel and consequently the funnel’s dimensions, as well as
dimensions of the whole automatic installation.

In table 2 descriptions of a funnel, with water index 10 s are given

Table 2 — Parameters of a funnel with water index 10

H, | H,. D, L, d, V., Vi K, A a T,
m m m m m m3 m 3 S
0.1 0.034 0.106 0.04 0.005 0.00029 0.0002 0.714 0.021 0.96 10.0
43%* 43 100 40 100 41 41 100 110 98 67
* Per cent of the corresponding data in table 1.

The table demonstrates essential reduction in dimensions of the funnel, as compared to those of
BBP-2. However the internal diameter d of the nipple and the volume ratio A are left intact.

It should be observed, that while using this funnel, it does not present a problem for the results of
measurements to be demonstrated on the display with coefficient 1.5 — that is according to the
conventional scale of funnel viscosity measurement.
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Table 3 — Modification of water flow parameters, while performing measurement
by the funnel with water index 10 s (6 virtual cylinders)

1| HG), | DG, F(i), V(), P(i), Q). 83) | 9, 0), T(), Re()) | Ao (7)
cm cm CI‘[I2 CIIl3 I1a Cms/MI/IH m/s H]/S S
0| 9.7 103 83.3 473 953 1350 1.15 | 0.0027 2.10 57000 | 0.021
1| 91 9.6 73.9 42,0 897 1310 1.12 | 0.0030 1.92 55300 | 0.021
2| 86 9.0 65.1 36,9 841 1270 1.08 | 0.0033 1.74 53600 | 0.021
3| 8.0 8.4 56.8 32,2 785 1220 1.04 | 0.0036 1.57 51800 | 0.021
41 74 7.8 49.1 278 730 1180 1.00 | 0.0040 1.41 50000 | 0.022
51 69 7.2 42.0 23,3 674 1130 0.97 | 0.0045 1.26 48000 | 0.022

The table illustrates performance of the algorithm, used for finding a funnel’s water index:
— In the course of the measurement the height H (i) of water column decreases from virtual cylinder

number i to that of number 7 +1 according to formula (16) by the step S — formula (12). Proportionally
to H (i) decreases cylinder’s diameter D(i) — formula (13) and hydrostatic pressure p(i)— formula (4).
Cross section areas of the cylinders — formula (14), and their volumes— formula (15) are decreasing
proportionally to H (i)

— The flow rate Q(i) — formula (6), and the velocity (i) of the flow in the nipple — formula (20),

are decreasing in proportion to \/H—(l)

— The speed 3, (i) of water level dropping is found by formula (17), which is similar to formula
(20). However if in formula (20) the diameter d of the nipple is constant, while in formula (17) decreasing
are both: denominator D(i) and numerator Q(i). As the rate of denominator decreasing is smaller, than
that of numerator, the value of &, (i) (contrary to 9(i) ) is growing.

— After (i) is found, the time T(i), of the level dropping within the limits of each cylinder is
determined by formula (18).

— The water index 7' is found by summing up the T(i) — formula (19),
— The Reynolds criterion R(i) formula (21), related to the traveling through the nipple of the funnel

water flow, is decreasing in proportion to $(7) , but that did not substantially affect the values of corrected
hydraulic resistance factors A (i) — formula (22)

Basing on data of tables 2 and 3, the optimal parameters of the rotating table were determined:
Its radius

R>2R,, (24)
where R, — is the outer radius of the funnel top
The time of the table’s revolution consists of 5 components (see the fig.3):

Ty =Ty +T 4Ty +Tpp + 17, (25)
where T}, — is the time of halt for performing measurement; 7., — the time of cleaning the funnel, while
the table is moving; 7., — the time of the special halt for cleaning; 7},,— the time for draining cleaning
water out of the funnel; 7, — the time for filling the funnel with measured mud

T}, conventionally varies from water index 15 s to 100 s (the scale of BBP-2 viscosimeter). For the
considered funnel it corresponds to actual interval from 10 to 70 s;
1., + T, mast guarantee elimination of measured mud traces in the funnel and its nipple. Meeting

that requirement depends mostly on the cleaning water stream intensity. As for time, it is reasonable to
make it equal to funnel viscosity of muds of high but not extremely high thickness With relation to the
conventional funnels it can be taken for 60 s, ergo for the funnel under consideration it makes 40 s
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T}, is time, needed for full evacuation of the cleaning water out of the funnel — after the cleaning has
terminated but before the filling with mud has started. The program for determining the funnel’s water
index makes it possible to find precise value of that time too. For that K, =1 is entered in the program
(formulae (9), (10), (11))

T, depends on diameter of the mud delivering pipe.

The minimal table’s rotation period (with deduction of the time of its halts for measurement and
cleaning) was found, basing on 7}, time and the diagram on the figure 3.

The table 1 is turning clockwise (see the arrow on the top).The diagram demonstrates mud 3 and
water 4 delivery pipes positions with relation to the rotating table and the funnel 2. At the diagram the
funnel is situated at the position HM - that of measuring halt. In that position the funnel has just left the
interval FL . Directly, after the measurement is terminated and the table’s motion resumed, it will enter
the cleaning interval CL. In the middle of that interval the table makes a special halt for cleaning. After
resumption of rotation, the funnel passes the second half of the cleaning interval CL, draining DR and

filling FLL intervals, and finally accomplishes the revolution making a halt for performing a next in turn
measurement.

Figure 3 — Positions of the funnel on the rotating table

The table’s rotation period (disregarding the halts)

T, =10 360, (26)
04

where « is the angle corresponding to DR interval on the fig 3
As it follows from the diagram, that angle
a=360-44, 27
where angle [ is found by considering the abc triangle on the figure. Al the legs of the triangle are
found directly from the diagram

a=R,+r, (28)
where 7 is radius of the mud and water delivery pipe (both pipes are alike).
b=R, (29)
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c=2R, -r, (30)
Hence according to geometrical rules
B= arCCOS(M) (31
2¢cb
The maximal rotation frequency (rpm)
m=60/T,, (32)
Now to find the full time of the table’s revolution the formula (25) can be written as
Ty =Tap +Typs + Ter » (33)
Funnel mud filling (as well as cleaning while moving 7, ) time
— Tpr
T =252p (34)
Table 4 — Descriptions of the rotating table for the funnel with water index 10 s
# Name Value Formula
1 Funnel’s top outer diameter DF ,m 0.108
2 Funnel’s top outer radius R Fom, 0.054
3 Table’s diameter DT ,m 0.216 24
4 Outer radius of mud and water delivery pipes 7, m 0.010
5 Measurement time 7 u » S, from —to 10-70
6 Cleaning time (TCL + THCL) ,S 40
7 Water draining time after cleaning TDW ,S 16 6,9,17,18,19
8 Mud filling time, 75, , s 3 34
9 Angle ﬂ between vertical symmetry axis and HM 37 0 28,29,30,31
10 Angle & of DR interval 212° 27
11 Table rotation period (regardless the halts) , 7 P> S 27 26
12 Table’s rotation frequency 71, rpm 2.2 32
13 Actual table’s revolution time 1 r> S from—to 74 - 134 25

Conclusion. At the drilling technology department of Satpajev Technology Research University a
method of drilling mud parameters measurement automatization, basing on application of a rotating table
has been proposed; worked out principal details of the installation for automatic measuring the drilling
mud funnel viscosity; according to the laws of hydraulics, and by means of the computation mathematics,
a computer model of the funnel viscosity measuring process has been created; successfully performed
verification of the model’s adequacy, by calculating the water index of a standard instrument for
measurement funnel viscosity, basing on its geometrical dimensions; basing on the worked out computer
model, for the purpose of reducing dimensions and costs of the installation for drilling muds funnel
viscosity automatic measurement, optimal values of its principal parameters are established.
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BYPFBUIAY EPITIHIICIHIH TYTKBIPJIBIFBIHBIH IHAPTTHI dKAFJIAMJIA
ABTOMATTHBI TYPJE OJIIIEY AIH FBIJIBIMH JIOJIEJIJJIEHYI

AHHOTaUMs. AWHAIMANBl YCTENre OPHATBUIFAH TYTIKIIECi Oap KYHFBII apKeUIbl OYPFHI €PiTIHAICIHIH MIapTTHI
TYTKBIPIIBIFBI OJIICHETIH aBTOMATTHI KOHABIPFBI KapacTreipbutansl (Kasakcran PecryOnmkachiHbIH maTeHTi). Op Oip
affHaITBICTa KYWFBIII TOPT KAKTHI OTEi: TONTHIPBUIFaH OJIICHETIH ePiTiHAIMEH, OHBIH TYTKBIPIBIFBIH OISy, ePIiTiH-
JUHIH KaJJIBIKTAPbIH JKO0, KYHFBIIIKA TONTHIPBUIFAH CY/Ibl )KOK0. OJIIIey i )KYPri3y YILIIH YCTENIi KO KOHE YaKbIT
OJIILIETIIITI KOCY KYHFBILITHIH €pPITIHII KEJIETIH TYTIKIIEACH IIBIKKAH Ke3/le YCTeN[e OpHAJacKaH TETIKTI opeKeTKe
KENTIPYy HOTMXKECIHJE KAJBINThl TYWBIK OaiIaHBICTBIPFBIII apKbUIbI OpbIHIANa/Abl. EPITIHIIHIH OJIICHETIH KeneMi
asKTaJIFaHa, KYWFBIIITAFbl KaJKbIMa TOMEH TYCE/l yaKbIT €CEeNTEerillTi euIipeli )KkoHe YCTel aifHaIbIMBIH JKaHaJIaH
OpPBIHIAMIBI. Y CTENl KO3FAIBICHIH YaKBIT PelieCi MOHE KOCKBIII pesie OacKapaibl. DICKTIPIIK OJIIETIll CHUrHAIAap
CaHJBIK TYPre aybICalbl XKoHE OYPFBILIBIHBIH Ta0JI0 MybThIHA KiOepineai. KyHFbIl Kypan KeMeriMeH IapTThl TyT-
KBIPJIBIKTBI OJIIIEY MPOLECCIHIH MaTeMaTHUKaJIBIK MOJENI KacalraH, KOMIIBIOTepIiK OaFnapiaMa KypacThIpBUIFaH.
CyHBIKTBIKTBIH IIAPTTHl TYTKBIPJIBIFBl BUPTYANIbIK LHJIMHIIPAIH aFy YaKbIThIHBIH JKUBIHTHIFBIMEH aHBIKTANIA/Ibl.
AHBIKTaNIFaH TEHJIEH OeUIIeKTepAiH CaHbl CYBIKTHIKTBIH OJIIICHETIH KOJEeMiHIH KbICBIMBI apKbUIbl Iaiina OoJFaH,
BEPTYaAIIBIK IFITHHIIPIIH IAaMETpi KeCiIreH KOHYCTHIH COMKECTEHIPIITeH opamia ITuamMeTpiHe TeH. OpOip BUp-
TyaJabl IFUTHHIIPAIH OHBIH THAPOCTATHCTHUKAIBIK KBICHIMBIHBIH COWKeC OMIKTITi CYHBIKTHIKTBIH KBICHIMBIH €Ki peT
JKOFaJITKAH TeHIIK TYPiHIe KOPCETUIreH: OIpIHIIIACH KYUFbII OOHBIMEH KO3FaJIbIC KE3IHAETT OHBIH KBICHUIFaH aFbIM-
HBIH HOTWDKECIH/E JKOHE eKiHIIIJeH OHBIH YIUBIHIAFBI TYTIKIIE apKbUIbl ©TyiHAe. EH COHFBI jkarmaiina ruapabiv-
KaJIBIK KEeIEPTiHiH HaKThl KOX((QHUIMEHTI OHBIH HIBIHANBI OCNTiCIH KaMTaMachl3 STETIH MHEPIHs JMICIMCH aHBIKTA-
nael. OpOip BUPTYyaIAbl LMITUHBIPFA AJIbIHFaH O0acKapy CYHBIKTBIKTHIH HIBIFBIMBIH KOHE COHBIMEH Oipre OHBIH YIIbI
OObIHINA KBUIIAMIIBIFBIH, KYHFBIIITAFb! IEHICHIHIH TYCYIH )KOHE TYCY YaKbITBIH aHbIKTAyFa MyMKIHIIK Oepai. by
YaKBITTAP/IbIH JKUBIHTBIFBl CYHBIKTBIKTHIH HIAPTTHI TYTKBIPJIBIFBIH Oepemi. YINTiHiH AypeicTeirbl BBP-2 mibiFbia
OJILICTIIIIHIH TeOMETPHANBIK ©JIIeMIEp HETi3iHe jKaciFaH KYWFBIITHIH Ccy caHbH (15 c) enmiey apKpuibl ganen-
JIeHreH. YJIri Oyprbl epiTiHAUIEpiHIH MAPTTHl TYTKBIPJBIFBIH aBTOMATThl TYPJE OJIIEHTIH KOABIPFBIHBIH OHTAMIIBI
KOHCTPYKTHUBTI ITapaMeTpJiepiH jkacayFa KOJJIaHFaH, JIIEeHTIH KYHFBIIITHIH OJIIIEMIH OHBIH OJIIeY JJIIrH caKTar
KaJly apKbUIBI KiIlipeldTy KapacTHIPBUIFaH, COHBIMEH Oipre YCTENHiH TONBIK Oip aifHaNBIMBI KE3iHAE eNmeMIepIiH
MUHUMAJIIBl MyMKIiHJIIT1 KapacThIPBIIFaH.

Tyiiin ce3nep: YHFBIHBI OYPFBUIAY TEXHOJOTHSICHI, OYPFBI ePITIHAUICPAIH MApPTTHl TYTKBIPBUIBIFEL, OJIIeYy KY-
pajgapbl, eNnmeyai aBTOMaTTaHABIPY, TEOPUSUIBIK HEeTi3ey, CaHIbIK MaTeMaTnKa, Oaraapiamanay.
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HAYYHOE OBOCHOBAHUME PABOTbBI ABTOMATHYECKOI'O U3MEPUTEJIA
YCJIOBHOM BA3KOCTH BYPOBOI'O PACTBOPA

AnHotanus. PaccmarpuBaercss yCTpOCTBO s aBTOMATUYECKOTO U3MEPEHUsI YCIOBHON BS3KOCTH OypOBOTO
pactBopa (mareHT Pecnyommku Kazaxcran), BKIrOYaroIiee MOBOPOTHBINA CTOJ C YCTAHOBJICHHOM Ha HEM BOPOHKOM C
TpyOUYaTHIM HAKOHEYHUKOM. [Ipu KaxxIoM MOBOPOTE BOPOHKA IPOXOIUT YETHIPE MTOJIOKCHHUS: HATIOJHCHUE U3MEpsie-
MBIM pacTBOPOM, M3MEPEHHUE €0 BSA3KOCTH, IMPOMBIBKA C YIAJIEHUEM CIIEOB PacTBOPA, YIAJICHHUE 3alONHSIOIECH
BOpPOHKY BoAbl. OcTaHOBKA CTOJIA IS IPOM3BOJCTBA H3MEPEHHUS U 3aIyCK CUETIYNKA BPEMEHH MPOMCXOIUT IO/ BO3-
JIEHCTBUEM Ha HOPMAJILHO 3aMKHYTBI KOHTAKT PACIIOJIOKEHHOI'O Ha CTOJIE KyJlJauka B MOMEHT BbIXOJla BOPOHKHU H3-
oJT oJaroIIeil pacTBop Tpyoku. [Ipu 3aBepiieHNH NCTEYEHNS MEPHOTO 00BEMa PacTBOPa, HAXOISIIUICS B BOPOHKE
MOTIJIABOK, OITyCKAasiCh, OTKIIFOYAET CUETYMK BPEMEHH W BO30OHOBISIET BpallleHHE CTONA. J[BIKEHHEM cTojla yIpaB-
JSIFOT pelie BPEMEHHU U MYCKOBBIE pelie. DIIEKTPUUECKHI N3MEPUTENbHBIN CUTHAJ Tpeodpasyercs B 1uppoByto dhop-
My M Inojaercst Ha Tabio mysnbra Oypuibiiuka. CocTaBlieHa KOMIIBIOTEpHAs MporpamMma, NpejacTaBisiomas cooon
MaTeMaTHYECKyI0 MOJIENb IpOoliecca U3MEPEHUS YCIOBHON BSI3KOCTU C MOMOIIBI0 MEPHON BOPOHKH. Y CIIOBHAs BS3-
KOCTb XKHUJIKOCTH OTIPENIEIISICTCS KaKk CyMMa BPEMEH BBITEKaHUS 00hEMOB BUPTYAIBHBIX IIJIHHIPOB, 00PAa30BAHHBIX B
pe3yibpTaTe MENCHHUsT BBICOTHI MEPHOTO O0BbEeMa JKUIKOCTH Ha OIMpPEICIICHHOS YHCIO PAaBHBIX YaCTCH, MpUYEM
JIAaMETP BUPTYaJbHBIX LWIMHAPOB IPUHUMAETCS PABHBIM CPEJHEMY JUAMETPY COOTBETCTBYIOLIETO YCEYEHHOTO KO-
Hyca. J{ns KaXJI0ro BUPTyalbHOrO LIJIMHAPA COOTBETCTBYIOLIEE BBICOTE €0 MOJIOKEHUS THIPOCTATUUECKOE JaBJie-
HUE MPECTaBICHO B BUJI€ YPABHEHHUS, KaK CyMMa JIBYX IOTEPh IABJICHUS KUJIKOCTHU: BO-TIEPBBIX, B PE3YJIbTATE CHKa-
THS €€ ITOTOKA MPH IBMYKCHUU BHH3 110 BOPOHKE ¥, BO-BTOPHBIX, IIPH €€ MPOXO0KICHUH Yepe3 TPyOdIaThlii HAKOHEYHHUK.
B mocnexgnem ciydae ToyHOe 3HaUeHHE KO3(PPHUIMEHTA THAPABINIECKUX CONMPOTHUBICHUN ONPENesieTCs] METOAOM
uTepanyii, 00eCIeYNBAIOMINM IIOCIEOBATEIFHOE MPHUONMKEHNE K €ro HCTHHHOMY 3HaudeHmio. [l kaxmoro
BUPTYAJIbHOTO LIMJIMHAPA YIIOMSHYTOE YPABHEHUE IIO3BOJIMIIO ONPEIEIIUTE PACXO/ KUAKOCTH, U IO HEMY — CKOPOCTh
ee JIBIDKEHUS 110 HAKOHEYHUKY, CKOPOCTh OIYCKaHMS €€ YPOBHS B BOPOHKE U Bpems omyckaHus. CyMMa 3THX Bpe-
MEH U J1ae€T YCJIOBHYIO BSI3KOCTh JKUJKOCTH. AJIEKBATHOCTh MOJENHN TOJATBEPXKIEHA IMyTEM BBIYUCIICHUS BOJHOTO
gucia (15 ¢) BOPOHKH CEpHITHO BBIMyCKaeMoro pacxogomepa BBP-2 Ha ocHOBaHUU €€ T€OMETPHUYCSCKHX Pa3MEpOB.
Mojens UCToNib30BaHa il pa3pabOTKH ONTUMANILHBIX 3HAYCHUN BaXKHEHITNX KOHCTPYKTUBHBIX MApaMETPOB yCTa-
HOBKH JUUIsl aBTOMAaTHYECKOTO HM3MEPCHHs YCIOBHOW BSI3KOCTH OYypOBOTO PacTBOpa, BKIIOYAs pa3Mepbl MEpHOM
BOPOHKH — CYILIECTBEHHO YMEHBIIIEHHBIE, 10 CPABHEHHIO C CEPUNHO BBITYCKAEMbIMU BOPOHKAMHU, P COXPAHEHUU U
YBEJIMYEHUU TOYHOCTH HU3MEPEHUH, — a TaKKE€ MUHUMAJIbHO BO3MOKHBIM MHTEpBaJ MEXAY IMOCIEAOBATEIbHBIMU
HW3MEPEeHUSIMH — Ha OCHOBE YCTaHOBJICHHS HEOOXOIMMOTO BPEMEHH KaKJOW M3 OCHOBHBIX OIEpaIlid, OCYIIECTB-
JISIEMBIX TIPU OJJHOM IIOJTHOM 000pOTe CTOIIA.

KiroueBble cioBa: TexHONOTHs OypeHHs] CKBaXXHH, YCIOBHAS BA3KOCTh OYPOBBIX PaCTBOPOB, H3MEPUTEIIHHEIE
CpeICTBa, aBTOMAaTH3alWs M3MEPEHHUH, TeopeTHieckoe 0OOCHOBaHME, BBIYMCIUTEIbHAS MaTeMaTHKa, MPOrpaMMH-
poBaHue.
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